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CIRTAIN TROBLILS IN Tl DYNALIICS OF LSCiDIL-
AENT REGULATORS VITHOUZ N.TURML VIEBR.IZICNS
0F Thl B.LIANCI

The article sots forth the ineciples of
the theocry for caleculating the vidbration period
of regulators vwithout natural vibra tions, taking
iato account thz effect of dynamic factors on
the magnitude of the meriod, The dependences
here obtained contribute to an understanding of
the laws governing the operation of these regu-
lators and nay be of use in designing and ana-
lyzing then,

Various branches of presant-day engineering mke ex-
tens ive application of simplified clockwork using regulators
without natwal vibrations (Figure 1),

Vibrations of the balance in systems with such regu-
letors take place exclusively by virtue of the interaction
of the teeth of the oscape wheel with pallets of one form or
another, situatod irmecdiately on thoe talance or on a sepa-
rate anchor rigidly connected with the axis of the balance,
1I:§.1 character these vibrations are discontinuous auto-oscilla-

ons,

A balance has no fixed equilibrium position, There-
fore, amplitude is in sipgnificant measure an arbitrary param-
eter here, depending on vheare one's reckoning starts,

Only the double amplitude (range of vibrations) of
the balance is completely definite, It is ecqual to a com~-
plete angle of rotation of the balance in one direction and
if the magnitude of amplitude has to be established, it can
be deemed equal to half this angle,



Plgure 1, Diacgruas of resuloevurs with pin
pallets and flat pallets

The v&bra‘cion cange of o Lalahce ardincrily cdoes not
exgeed 15-207,

The chief puraemetar o the regulators here undcr con-
sideration is tha vibration voriocé, -or a inlance vhich is
not gusjeet to tho action ¢f any rogioring Zorce the cycle
of motions purfornmcd by whe Lulenca belwewn tw adjacent
identical positions is said to be &« cormlste vibration, Tho
vibration pariod deteriunes tha duration o this cycle, The
nognitaude of the bolunec's vibretion poricd depends consider-
ably upon the angular ncacntun on the eccape viieal,

The theory Lersc pruosovsed ivr determininz a balance's
vibration period wnd ancilcs ¢ rotation ic btased on the con-
cept 02 iupulse angles cepcndias not only oa tho desipn of
the escapement, bubt alco upon woucnts of inertia of the bal-
ance and the eatire vhesluork trunsaission, as well as the cor-
relztions botween mowments on the anchor and the eéscape vheol
during inmlecs, and upon g hwibar o other facwrs, It also
contains a mothod for finding the period and iindamentel an-
gles with correction Zor the effect of the inpacts o the
teeth of the escapo vhoel with the pallets on their contact
at the tegiming of each inmlse,

By taking these factors into account, we can explain
certain laws, here noted in practice, governing the operation
of these reguletors: the slicht dependence of the balance's
vibration range upon thie noment of the motive force; the



neglizibvle influonce of great changes in the mo:ent of inertia
of the train upon the magnitade of the vibration period; etec,

The formulas obtained here mcoke it possible to assess
the role of dynaunioc Ifactors in the operation of rogulators
without natural vibrations and to male & more valid selection
of design parameters in the desisn and planning of clockwork,
as well as to obtain more accurate results in the calculat ion
of vibration periods,

Positions of the Contact Points 0f Balance and Zscane Vheel

In the vibtrational steady state the pallets of the
balance meet with the teetnh of the escape wheel at strictly
defined points, the positions of which on each pallet serve
as the roference point for the angles of wtation of the
balance during the operation of the regulator,

In order to find the angular cooxdinates of the ele-
aents of an escapenont during contact, let us examine the
free rotation of the balance and wheel (Figures 2 and 3),

The beginning of free rotation coineides with the end
of an impulse, and the position of the escape wheel and the
balance at this moment is established by the appromiate plot-
ting or calculation,

Part of the angls of free rotation o Vhich ve
shall desigmte /30K , iill be traversed by the wheel; the
other part, which ve shall designate '“:"cc , Will be trav-

ersed by the balance, Thus, the angle of free rotation of
the balance is

Se6 = Pe— Des - (1)

[Treanslator's Note]: The subsoripts here and here-
inafter are Russian le tters, A summary list of sym-
bols with Russian-letter subscripts -- together with
expansion, translation and notation of first ocour-
rence -~ is given below at pages 22-24,

The second condition for finding the angles 4 _ eand ﬂ .
Co Cx

ig that the time during which the balance and the escape
vheel are in mot ion without contact is identical and can bhe



found not only from the equation of balance rota tion but also
from the egquation of wheel rotation,

These equations have the form

18—=Ms+ M, =0, )
Ix;_ MI+M16=00 (3)

where 5 and (X are the cwrent angles of rotation of the
balance and the escape ‘heel;

I and I_ are respectively the moment of inertia of
- X $he bvalance and that of the wheel trans-
ssion reduced w the axis of the escape

vheel;

Mg and M,; are respectively tie mouentum acting upon
the balance, and the romsntun from the
balance acting upon the escape vheel;

I, is ti® angulor nomentum on the axis of
tac escone vheel;

MT ig the friction torque on the pivots cf
the btalance,

In impulse sectors elements of the rotion of the bal-
ance and the escape whesl are found by common solution of
these equations, Dwrinc free rotation the equaticns acre
solved separately with moments Il; and IJx5 equaling zero

in this case,

Since in order to determine free-rotation time we nust
know tho velocity of the balance cnd vwheel at the end of the
impulse, let us turn our attent ion to the comron solut ion of
equations (2) and (3),

If we say that

My= M40 (),
n we shall obtein 0¥

1+ 15 0 [5 = Mes @1+ 11, =0.



Filoure 2, Diagram for deternminzctdon of ancles
of free rotation in case of »in pallets,

{Translator's Note]: The Russian subscript "o "
refers to the balance, "x" to the escape vhesl,
For symbols with oth @ Russien-letter subscripts
ses summary list below at pages 22-24,

In view of the relative smallness of tho impulse angles
|::t’oxi the regulators here under consideration, we shall assume
1

—:-=—;—-=t . ' (4)

IPf in view of its poor varisbility througiout an
impulse we replace ¢ (4 ) with mean value

‘ ?(?)cp=k.

Key: c¢p= mean
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we chall obtain the following equation of motica for the
"balance-escape wheel" systen

Iy -- M k4 M, =0, (5)
whexre
fo= 1+ = ©

is the reduced morment of inertia of the balance,

If we assume the veloecity of the balance at the tegin-
ning of the immpulse gezerclly to te terminal velocity owing
t0 post-impact reflection and ecual to ‘?0’ eand if we inte-

grate (5), ve shall find its velocity at the end of the im-
pulse

(] ) sz—Ai ” 'Y -
'1’u=l/#’[6—')—a’n+'fév (7

vhere 5, is angle o rotation cf the tzlance during an
impulse, '
If we then consider free ro tation and integrate equa-

tions (2) and (3) separately, we saall obtain expressions of
the time of free motion,

From (2) given I.IT >0

Given M,=0
T 9)

From (3), given velocity of the escape vheel at the
end of the impulse ¢, ,

Iy TN a » .
' t==7w,T (VQII:L" “cx+e,'. "“u)‘ (10)
it being given that .

. P W — T <
‘“_—?:‘J“— iy ' . (10)



where (), and [,, aro the distances fiom the conters of the

escane wheel and tis balance to thc general normal to the

swfaces 0f the impulses of the tooth ard pallet at the momont

vhen impulse trangmiggion ceases, and am is the angle of
[

free rotation of the escape vheel,

Lot us ectutlish the relution betwecn angle of rotation
of vheel ¢\ and anmlar displacermznt of impulse surface of
tooth relative to axis of tulance 8,

From Piguwre 2 f@ escavensnt withh pin pullets, i we
disregard the curvatwre of ares AE wnd As' in vicw of the
srmallnegs of the angles of free rototion ol die balance and
the vheel, in considering AABA' we snall hove

AA'=R 1, AB:[‘M’; & s Rz

sin = w ’ (')
~From 30,04
: pe=a—(v+y),

where .
. . _ _ . L3~ R e rg
EE T I R B N ’4=:T;—-afCCUS-————,)—E-;6—-—'

[Translator's Notel: The wubsceript "5 " refers to
the balance,

Angles A, Y and & dc not depend on tie vosition of the
escapement and that is vhy ansle 4 rexains wcmaged during
free motion, Consequently, if wve rewrite (*) in the form

Rsiny ' :
ro8in a=Da, (12)

[ —
P

coefficient D will be constant and the socught relation be-
tvween angles o\ and A5 will be linecar,

If we reoason sinilarly with refsrence to & balance
with flat pallets on the anchor, it is easy to prove the
correotness of desendence (12) in this case too, but angles
Y end M are more sinply talken directly from the
sketch of the escaperent (Figure 3),



Fioure 3, Diagra for deternination of angles
of free rotation for flat pallets

{Trenslator's liotel: The Russian wmbseript "6
refers to the balance, "x"™ to the escape vheel,
TFor symbols with otha Russian-letter subscripts
see sumnary list below at pages 22-24,

If we substitute (x 4, =ﬁ]_c)5_ into (10), if we

replace &, by ¥« (11) and 5 o BV 5 oc 1in accordance

with (1), and if we equate expressions (8) and (10) given
lp> 0, we shall obtain

7‘;,{;(1 —]//1 - '1_247"3:6 ) =ﬁ[]/%ﬁ%‘(?c—pc0+l—l]- (13)



If we oquate (9) and (10) given M = C, with allowance
for the fact thut

3

(14)
viher e ,30 (Fipure 2) is the angloe determining the josition of

tho pallet at the becinnins of frece rotation and, MArtaer,
with allowarcse for the f2c¢t taut, given 'T =0 end -1?0 = 0,
from (7)

(13)

we chall have

a2l sk l / 1y K’ (e~ 32a) v
il Iy Dk (30 + p0) U

—_1 Ji. (16/

o
ct

from vhe last sougtion can be seca that in the ab-
sence of fLrictior on the pivots o2 the tolanco ant in the 4=
sence of balaance repercussion during imnacts with the vheel
tho pocision of the coutact points of bpalatce und uwseape
wlheal and, con cqu:uﬂ;, wae agnitude of e balunce's ampli-
tuce o vivrativon will nes bo dovendant upon the mganitude of
the angulax mox:.entum on W.e cocipe vneal,

ct f.
| SOl ¢
O ]

N, i Baabir [Z2] Elce a2
wsing Zor his investigcation th
tions on & phase plane,

rived at tae sane conclusion,
g netned ol point transformcz-

The #riction on balizmpncee pivets and the velocities of
the balance atv tie beginning vl immlsces g @re us aally
cmall, Thersfore vie can consider the whove-indicataed law

to be characteristic in similicint masure of all resulztors
of the typo here under st.dy,

£ ve solve (18) relative to .3 we shall obtain

v ?

the following expression for impulss angls



G-t VC'; ~4C G
2C,

c"u“

: | (17)
where .
Ci=Da+4D+4i,; C,=2 (Da‘$0+201+2t, ¢t 260 30);

C- —aDa0 & a—-7x—k-

In formula (17) only a plus stands in front of the root
since, given /3 0= 0 and 03;—_- 0, /3, cannot egual zero,

Operational Re;jime of Rermlators with Allotance for Imnacts

Depending on the corbinution of different balanco and
escape=-wheel parsmcters affecting impact results (magnitudes
0f moments of inertia, meckunical *)rooerties of rmatericals,
design factors etc,), the ‘bllcn.,izw post-impact states can
be observed in m"'ulator without nutural vibrations after
contact of the escape-whcel tooth with the pallet:

1) Vithdrawal (reccil) of the wheel ani rotation of the
balance without reversal;

2) Recoil of the balance and vheel in opposite direc-
tions from the contact poiat;

3) Rotation of the tvheel withcut reversal, andi recoil
of the balance,

A8 ve enter upon a detornination of the vitration pe-
riod, we nust establish the character of the ozerztional
regms [See Notel] characteristic of a resulator with partic-
ular parameters, Tror this purpose the magnitudes and direc-
tions of the post-impact velocities of balance and escape
wheel may serve as criteria,

[Notel: In principle different regimes may arise on
each 0f the pallets, .

Let us find the expressionc determining thess veloci-
ties,

Iet the balance and wheel at the moment of contact have
veIOcities of 4 end y respectively, and after impact \‘f‘B

and > B respectiv ely. let us designate the distances from
axes of rotation to impact line (Figure 4) P, and F <’

10
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If we aseoame the Lapzey of tooth against pallet to be
elastic, in tiao first phase of impact (equalization of veloc-
ities) we sheall have



U — vy 05) = =8, n?

V6

LU -+§&p)=S .
For the second phasa (restoration of velocities)

(5% + U)= =S, o,
L —U)y=3S,0?

2y

If we elimimte fron these equatioans first- and sscond-phase
impulses S1 and Sz and velocity U , we chall obtain

W=l (1) = ag

If we i.atroduce coefficient of restitution of immct velocity

P L K
Y% S0 26 Y

K==n —
S ?x Ey 7 “:‘y (20)

and by means thereof eliminate & 5 in (20), we saall find
post-impact velocity of +the tclancs

. g /.
e ey,

1 '1""[; Y

Locording to the data of ¥, V, Drozdov (3], X =0,5 to
0,6, If we ow 1;)“ » the post-inpact velocity of the

escave vheel can be computed asccording to the formq.la

P Y . . (22)



Anslogous ex)ressions for ({"B and & B ars Obtained
also from a consideration of impact on the dis &ing nallet,

1 '\])B or § 5, computed according W (21) anda (22),

turn out to be nemp tive, this will mean that ths balance or
escape vheel will nou recoil from the contact point as as-
sumed atove, but will keep on meving in the pre-impact direc-
tion,

In establishing the operational rezime of a regulator,
or the beginning of an impulss, ar initial veloeity of a balarnce
according to the veolocitises (., amd § B for vhich magni-

[

¢ -t
tude and direction are mown, we can Le guided by the Dllow-
ing cmsiderations (See Note

[Note ]J: et us disresgeard any possible subsequent im-
pacts since they »ley no significaat rols in comparison with
the first one,

{rre

di &% <{ﬁ3< O and § B> 0 , impact doss mt reverse
the rotation of the balance, mt causes a withdrawal (recoil)
o the escape wheel, APter tae eagle of departure is passsd,
Yo =0

The angle or departure is found fron the circuustance
that the posteimpact kinetic ensrgy of the wheel equals the
work of the angulsr mowentur at this angle, which yields

-~

M & " : (23)

Ley: 7T [otkhod; departure]]

The additional angle of ro ttion of the balance during
withdrawal of th¢ wheel in this case is

.:"n =% i, (24)’

Zey: OT [otkhed; withdrawal, departure)

.and the complete immlse angle is



o —

Py

t’ .’(6 T i"‘u i 5301’ . (25)

gy

2, Given ('PB >0 uwnd £ B > 0, on-impnact reflection

of both balance and vheel takes place, The latter, having
cortain energy due to the magnitude of velocity ¢ B? ini tially

withdraws at a certain anzle (23) and then rotates, catching up
with “he pallet,

The extrene position assumed by the escapne viheel on
withdrawal can ulso be concidared as the beginning of an im-
pulse in this particular inctance, Ihe initial velocity of
the balence must be takw amro..imatel,/ as \PO Y3 .

3, If 4’.5 >0 and f: » < 0, only the balonce will re-
coil from the ixpact voint, The pocition of the parts of the
escapement will correspond to the beginning of the i:pulse,

Yo=Yz
The most frecuently encountered regima characteristic
of I >I, is the first,

From (21), (223) it can be seea that in order to conmte

g end s 3 » We must lnow the pro-impzct velocities of bal-
ance and escape vheasl k}-‘y and §  waich, in their turn, de-
J

pend on o ¢ £, end the inmles angles with corrcction

for the effect ol impacts,
J y and ¢ y can e eliminated from (21), (22), How-

ever, in this case, complex biquadratic equations are obtained,

In practice it is rore pracsical to find (;)y and ¢ =

by successive approximation according to the folloving proce-
dure,

Assaning :po = 0 at the beginnin; of the rreceding

impulse (the beginning determined without including the im-
pact), we f£ind the velocities ¢ £ tho balence ené the esca s
vheel at the end of an impulse on one of the pallets and then
their velocities at the moment o2 wheel tooth contact with
the next pallet in turn,

14



sound in accexrdoenco with ticge velocities are the first
apprazimate values of cuveacvrear velocities, by takine vh ich
into account the inmnul.e anglc qud vaelocity of viaeel and bale
anee on the preceding nalizt ote, are refined witil subse-
guant refinemenis no longer anvraeciably erange results,

Let us note that owing to the degres of apyraziration
0f the classical immet theory vsed by ws, ac well as the
inacecwracy and in constancy of the c¢oefflicient of restitution
X, it ic cuite sufficicent to limit refincaent to jusv one
apyroximation,

Vitrastion Period of the ILolince

If we desipgnete inpulse frunsmission time, free rotation
tire and the tims required to pacs Wwrourn angle ol deporture
rogpectively as v, , %, and Top, aceording to tihs nrevious-

ot
;

ly given determination ol the vibratiorn periva wo have

T=t -ttt +2t, [See Notels)

wicre "ayn is the time tuo tootw is in confact with the
pallet dwring impact, asswined to ve ildeatical on toth pel-
lets,

[Motel: Horo and harcinufter the indexes ' and @
desigmate quantities reforrving to recelvipng and discharging
palloetv respeciively,

In vicw o2 the compuraetive smallness of the quantity
2 tyﬂ (approxirately ton-thocasundths of a second), given

T >0,01 soe, iv is cuite velidly disrogarded, In case of
saaller values of tae neriod, the duration of impacts can be
allovied for by m2king exwrimuntael correcvio:n,

To 2ind time intervuls % ,, let us wlve egquation (5),
Ly double integra tion wo <nell ovtain

," —_— ("J L) )
¢ T 27
vhere (27)

Y A (28)

15
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and 4".,. is determined from (7).

Freo rotation time is exwressed by fornulas (8) and

(9),

IZ according to (21) ond (22) we obtain ¢ <0 and
§ B> 0, we shall finé the durat ion of reverse rotation of
the escape wheel fron the equation

a4+ M, =0.
If we integrate widear tie initial condi ticns: t ==0;
Q=0 and ¥ == § 0 and under tre conaitions at the end

of withdrawal: % =s t;n; X = chT; $=0 vwith alloviance for

(23), we obtain

Iy
for =, & (29)

Taking into acecunt cxprecsions (25), (27), (8) and
(29), we shall obtain en expanded exmrccsion for determina-
tion of the vibration noricd of a balance without restoring
force in the commonect cace in the following form:

vhere coefficients C' zné C" are found according to (28),

Given little friction on the balance pivots when one
can assumeé MT =0,

+ 2 Gt )+ 24, (30a)

P (0 — ) (o gy e e
—(Y.. Yo) c (1’.. o) T 5 o o
" "

If we disregerd friction and impacts,

16



A
h =7 (306)
vinero —_— —
A=V/'6(]/ -+ -“7)+1/o(|/ ' _L) (31)

T Yoy

Considered by way uf example is an escopenent regu-
lator without rnotural vidbrations, maving pin pallevs, with
the following data:

1=0,00015 sran mn sec, squared; W=)"=56% k'=040[Sce Note ];

(&
k"=0,39; 3. =8°18'; 3:=12°29", G =T 54 5 =601 i == 1,75, {”=1,85:
.o ‘. ool = /. 2Q ” 0 / 2 ”
iD=18 0 =215 D'=08; D"=0,923; o’= 7+ 5.658; a =-,IT- 4,625;
M.=0, K=0,.

In view of the laci cof necescary data the duaraticn of impacts
vias notv conputed,

[(Notel: Since in escapszenic ..ith pin pallets, nrace-
ticelly spealiing, Iree rototion roth@ than immlse transmis-
sion takes »nlace in ccetoxs of the imvulse along the pin, quan-
tities Lk and i Zfor tiiece are determinsd only within the
renge of tho inpulss elong thie cscape-whecl tooth,

Tables 1 and 2 present resncctively the reculic of
caleulating the vivration periocd of a belance with and without
allovance for the effect of impaects onvibrations, Table 3
shovis the post-impcet velocities of balance end escape vheel,

L7
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Table 1

(o

L|Bxoanan nasers)

L]
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X 01“ 16' j“ I()' {
MM cend MM cend

Brxoanas na:lcral

|
|

A

O Tcex apn My,

MM

3

-

100

200

10 110044’
5 11032’
2 112028
1 120597
0.5 139247
0,2 113°36°

0,000153 9°29'! 0,000153
0,000157 .moas'l 0000156
0.000157 12°02° 0,000165
0,000184 12956°| 0,000162
| 0,000219 13034°| 0000213

0,000323 !13°57 4
| |

[Translator's Notel:

1, Receiv ing pallet

!0.02721
0,02843
{0,03255
io,oasm !
'0,03491
0,000308 10,0-5917

|
'

o,maeo! 0.00544 ;
001422 | 000369 !
0,01628 | 0,00651 l
0,01796: 0,00718 |
0.01996 | 000798

|
0,02458 | 0,00083 i

0.00272
0,0028+
0,00326
0,00359
0,00399
0,00492

Synbo lg with Russian-
letter subseripts whickh have meviously oc-
curred in text are listed below at pp, 22-24,

2, Discharging pallet

0,00192
0.002u1
0,00230
0,00254
0,00252
0.,00318

8, Tgeo siven Ll [see sunccry list o symtols],
gran-millimeters

4, gram-millimeters sec, squered

18



Xeys

Table 2
’ N Buixoanan naaera Fﬂuxonuan naaeta | B Tcex npu My, aum
I O I Y i 1 | B ||| L 4 25 | 100 I 200
i j i !
10 2240’ :4°-32’l}5°‘.’6' 2949 ' 6°33 | 16922 0,01751 | 0,00695 | 0,0034 | 000245
5 {20477 4052’ 16°247| 3°51 L 6055 | 17930 0,019:5 | 0,00733 | 0,6a352 | 000265
2 2052° 5°0) !17°’28' 3039 : 6931 189381 0,021.09 ‘ 0,015:9 | 0,00134 ! 10,00302
1 {2030 140227 (17021°] 2054 © 5014 | 1591C| 002193 | 060551 , 0,00:39 | 006303
0.5 [1924% 2028’ 15952 1°26 .« 2°35 ;16"1!) 0,01820 [ 0,006U9 ! 0,00359 | 0,00243
0,2 0°0l’ I‘0°02' 113°38° 0°00°" 0°00°}13957| 0,010+ 1 ! 0,00:435 i
i

[Translator's

| |

ISTeC
t\uo\leJ’:

|

0,60226 l 0,00:22

Syrbols viith Russicn-

lotter suwbscripts wiilch have previously Oc-
curred in text are listed below at DD.

Receiving pmllet

Dischiarging nallet

22-24

~e

Tgee civen I [see summery list of syutols],
gram-millimeters

19
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Table o

(Translator's Notej:

1 Broanaa nascra 2 Buwxoawan naacra
l , ol
% 3 q,.;'l; npw My, tmm 4 Y“m npu My,  aum
2 | 2 100 | 20 | 4 | 25 | 100 | 200
10 | —33,37 | —8593 | —171,86 | —239,85 | ~35.24 | —88,11 | —176.13 | —249,01
5 | —2863 | —=71,5¢ | —143,09 | —=202.26 | —=26,64 | —66.58 | —133,19 | —188.34
2 | =14,23 | —3563 | — 71,18 | —100,66 | — 8,48 | —21,22 | — 42,42 | — 59,93
1 3,52 8,84 17,60 39.64| 11.84| 2056 | 5919 8373
0,2 2535 | 63,39 | 12690 | 179.86| 3588 | 89,73 | 179.35| 250,99
0,2 58,17 | 124,63 | 249,14 | 352.38| 61.25] 153.28 | 306,55 43299
I ! 1
7[- 5 el L My, MM 6 LT My, amm
X
4 1 25 | 100 | 2 4 |25 | 100 | 200
— , !
10| 157,98 23445 ! 789.00 | 1171951 188,62 | 471,32 | 043.86 | 1331,56
5 1 11379 | 1805 | 569.06 | 60498 | 13398 | 33503 | 66990 | 047.04
2 | 7296 | 1153 | asag2 | 51587 8230 | 20595 | 41197 | 58246
1 -as.m’; 76,20 ! 21098 | 366,40 | 5202 | 13003 | 26005 | 367.74
0.5 25.72: 1027 | 128,70 18195 | 2584 6459 | 12018 | 18027
02 W13 | 27 I 8.68 1230 | —0.58 | —1.37 | —274 | —4.08
[}

Symtols with Russian-

letter swseripts vhich have previously oc-
curred in text are listed below at Ppp, 23-24,

Receiving pallet

Discharging pallet
. 1
Wl
surmary list of sym-

bolsl, gram-mn

civen LI [see

6,
¢ s _.__ given M [see
sumau:y list of sym-

20

bols],
§1 1

B-———

gran-mm

given I (see

swamary list of synm-
bolsl, gram-mm

A

sumzary list of sym-
bolsl, gram-mm




From the results presented we can draw the dllowing
basic conclusions,

l. Impacts ead the resultent recoils of the escape
wheel if I > I  cause an increase in the vibration peried,

but a decrease if IK S

2., The vibration periocd of the balance is relatively
slightly dependent upon ths relation betwesn the moment of
inertia of the bal@gnce and the rsdnced momemnmt of inertia of
the escape wheel, with the greatest magnitude of the vibra-
tion period being obtained given I Q—.I:_,'.

S, The vibration pericd of a balence without restor-
ing force depends in grezt measure upon anguvlar momentum,

4., The error in the detemination of the period if
impacts are disregerded amomunts W (25-20p) given I > L,
and mcy ¢ as hich as 505 or more given I IL,, This must
bte borne in mind in des igning clockwarks with a tulky wheel
systen,

BIBLIOGRATEY

1, Aksel'rod, Z, II,, Chasovyye mskhanizuny (Clock-
vorks), State Publishing House 0 ocientiiic and Technicsal
Iitersture on llachine Building, 1947,

Al

2, Bautin, N, ,, "Dynenmic llodel of Clock iscapement
without Natural Period ,™ Inzhenernyy sbornik Instituta nskhani-
ki ikademii Nauk SSSR (Collected inFinsering Dapers ©f Ihe
ngzstitute o1 llecnenies, Academy of Sciences USSR), Vol, 16,
1953,

3, Drozdov, F, V,, Deteli pritorov (Instrument Parts),
State Publiching House of Scientiric anc Wechnical Defense
Literature, 1948,

Article recommended by the Received by the editois
Teningrad "Order of the Red 25 February 1960
Banner" Institute of Mechan-

ics

2l



&

Sﬂgbo 1

Subseri nt

o

cek

t
ya

RUSSIAN-IET?R STESCRIPTS,

Latin

Sy.atols

Lynension &
“rancslet ion
0T Subscrint

b (balans; bal-
ance]

Izh [khodovoye
lzolezo; escape
wheell

b [balans; bal-
anceJ

T (treniye;
friction)

h [Lhocovoye
koleso; escepe
vheel ]

h [khocdovoye
Ioleso; escape
vaeel ]

b (balans; bal-
ancel

i [impul's; in-
pulsel

ot [otkhod;
departur e, viith-
dravall

s [svotodnoyo;
frec]

sek [selunda;
second ]

ud (udar; im-
pact)

ceanins of Uymbol

Reduced moment of in-
crtia of the balance

llorent of inertia of
the train (wheel
transnission) reduced
t0 the a:zzis of tae
escae vhecl

icrvntun acting upon
he balance

Triction torquse

Angular omontentunm on
axis of escape viaeel

iosatun from the el-
anco acting upon the
escz pe vheel

Inpdulse tranomission
tine

Time recuired to pass
tmrough angle of de-
narture

Free nmotion tine;
free rotation tims

m

d
sec

Time the vheel tooth
is in contaet with
pallet during impact

22

First Oc-

D.

P,

P.

D.

P

D,
D.

P.

P.

currence

15

15

15
18
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Symbol
T——

Subscript
Ay

K

Creok

oy, 2 2
LXpans 1on c

Translaticn
of Subscrip?t

ot [otknod; de-
parture ]

s {svobodnyy;
frec]

k {koleso;
vheeol ]

i [impul's;
alsel

ot [otkhod;
withdrawal ]

s [svobodnyy;
freel

s [swbodnyy;
free]

b Lbalans; bal-
ance]

s Lsvobodnyy;
free]

k {koleso;
vheell

v [vsirecha;
contact, impact]

i (inpults; inm-
pulss]

u [udar; im-
pact, contact)

Angle of departure

Angle of free rota-
tion of escave vheel

sngle of rotation of
the balence during an
impulse

Angle of rota tica of
the balance dur ing
withdrawal of the
eccape wheel

Angle of Ifree rota-
tion

Part of angle of free
rotation traveled by
tho balance

Part of angle of free
rotation traveled by
the escapne vhaeel

Velocity of escave
weel aftar contect
with balance

Velocity of escapne
wheol at end of inm-
pulse

Velocity of ssceape

vhieel at moment of
contact with balance

23

First Cc-~
currence

p. 13

D, 13

(<Y

D.

p. 10

P, 6

p. 10



Syuitol Z'_..m.mion & licaning of Syukol First Oc-

& Traaclatlion cuXr Irence
Subscriot ol sutscrint
F/. b (balans; bal- Dictaace from axis of p., 10
g ance) rotct lon of balance
to line of immet
ey b [balansg; bal- Distance Zrom corter P, 7
1 ancel of talance to the
i (inpul's; in- general normal to cur-
pulse ] focos of imulces of

tooth ond Mllw at
the nronsnt vien ine
pulse trancmission

¢Gases
ry h (inocovoye Distance from auis of p, 10
koleco; escave rotatio.. of escune
vieell wieel to line of im-
wet with talance
P Ih {lhodovoye Cistance from ceater v, 7
Xu koleco; escaps of viieel to the ren-
vineall eral nortal $o sur-
i (impults; im- Zfaces of im ulses of
pulee ] toecth wundg palict at
Va8 oiEt viiaen ine
L,u‘f 3 'u :;.ns:xi: sion
cea
& v [vstrecha; 2oct-iamet veloecity P, 10
& contact, impuct]l oFf valance (aftor oon-
tact vitnh escup
wheel)
L i [impul's; im- Velocity of balance D, 6
e pulse ] at tho end of impulse
z};‘» u [udar; in- Veloeity of balance p, 10
i pact, contact) at the mo:..ent of con-

tact vith vhesl

24



